Acute pain post-surgery is one of the major problems of public health, and its treatment is still a challenge. In this study, it was investigated the analgesic effect of a standardized methanolic extract of Condalia buxifolia (MECb) (30 and 100 mg/kg, i.g.) in a plantar incision surgery (PIS) model in mice, and the possible mechanism that underlying its effect. The effect of MECb was evaluated on the hyperalgesia (mechanical, cold and heat stimuli), and in this same model, it was analyzed the effect of MECb (100 mg/kg, i.g.) on the concentration of cytokines (TNF-α, IL-1β, IL-10) and nerve growth factor (NGF) in the paw and spinal cord.
. Acute postoperative pain is followed by persistent pain in 10-50% of individuals who have undergone common surgeries 3, 4 . Because chronic pain can be severe in 2-10% of these patients, persistent postoperative pain represents a main, largely unrecognized clinical problem 3 .
In general, postoperative pain (PP) is related to a secondary inflammation and nerve damage, induced by incision itself 5 .
Remarkable signs of inflammation are seen on the site of incision including local edema, hyperthermia, hyperemia and pain 6, 7 , as indicative of release of proinflammatory mediators 8 .
There are studies that demonstrated the involvement of proinflammatory cytokines interleukin 1β (IL-1β) and tumor necrosis factor alpha (TNF-α) 9 , and the nerve growth factor (NGF) 10 in the induction and maintenance of pain in injured peripheral tissue (as found in surgeries). These proinflammatory substances play important roles in mediating exaggerated pain conditions 11 . Otherwise, it has been extensively showed that central sensitization in plantar incision surgery (PIS) model is maintained for glutamatergic non-NMDA receptors 12, 13, 14 and by a role of Aβ and A-δ fibers in the mechanical hyperalgesia in this model 15, 16 .
In this way, provision of effective and safe PP management should be one of the top priorities of any healthcare center where surgical procedures are carried out 17 , since patients who have well-controlled pain have an improved health-related quality of life and an overall greater satisfaction with their experience 3, 18 . Unfortunately, despite the introduction of new standards, guidelines, and educational efforts, data from around the world suggest that PP continues to be managed inadequately 19, 20 . Conventional drugs such as nonsteroidal antiinflammatory drugs (NSAIDs), opioids, and local anesthetics have been used to control PP; however, they have a multitude of side effects such as respiratory distress, nausea, itching, gastrointestinal bleeding, and renal and liver failure [21] [22] [23] . Recent studies have indicated interest in using complementary therapies such as medicinal plants, since natural products continue to be important sources for the discovery of new drugs 24 .
Condalia buxifolia Reissek belongs to the Rhamnaceae family, which is commonly found in American continent 25 , is used in traditional medicine, and presents critical antipyretic and antiinflammatory effects 26 . Furthermore, previous researches demonstrated that standardized methanolic extract of Condalia buxifolia (MECb) displays anti-inflammatory and antinociceptive (analgesic) effects in rodents 27 . Moreover, it was also shown that MECb reduces nocifensive behaviour caused by prostaglandin E 2 (PGE 2 ), transient receptor potential vanilloid type 1/acid-sensing ion channels (TRPV1/ASICs) and protein kinase A (PKA) signaling pathways 28 and glutamate 27 .
In this sense, although there are a large number of analgesic drugs, the PP is still affecting the quality of life in affected 
Materials and methods

Drugs and reagents
The following substances were used: L-glutamic acid Santa Maria (UFSM), Brazil as previously described 26, 27 . All drugs were dissolved in saline solution (0.9% NaCl), except
MECb which was dissolved in 5% ethanol/0.25% NaOH 1M in saline and capsaicin in 10 % ethanol/10% Tween 80 in saline.
The final concentration of ethanol and Tween 80 did not cause any effect when it was administered alone (data obtained from open field test, not shown).
Animals
The experiments were performed with 292 females and 15 
Postoperative pain model produced by plantar incision surgery
The plantar incision surgery (PIS) was performed as previously described 30 . Briefly, mice were anesthetized with 1%-2% isoflurane delivered via a nose cone. After sterile preparation of the right hind paw, a 5 mm longitudinal incision was made through skin and fascia of the plantar surface using a number 11 scalpel blade. The incision started 2 mm from the proximal edge of the heel and extended toward the toes. The underlying muscle was elevated with curved forceps, leaving the muscle origin and insertion intact. After wound homeostasis, the skin was sutured with a 6.0 mm nylon mattress suture, and the wound was covered with 10 % povidone-iodine solution. Sham mice were anesthetized, but no incision was made. Animals were allowed to recover in their cages after surgery. All animals (sham or operated groups) were analyzed in mechanical and thermal (hot and cold stimulus) hyperalgesia. The Fig. 1 summarizes the treatments and the tests performed in this study. MECb on the mechanical hyperalgesia response, MECb (100 mg/kg, i.g.) was administered once daily for 6 consecutive days, and its antinociceptive effect was examined in 1 to 2 hours after treatment, which corresponds to the maximal effect observed during the time-course experiment.
Assessment of thermal hyperalgesia
To assess thermal hyperalgesia to cold and hot stimulus in PIS 
Quantification of cytokines concentration
In another set of experiments, the PIS model and mechanical assessments were performed as described above. Twenty-four and forty-eight hours after surgery, animals received MECb 
Involvement of the central afferent fibers sensitive to Capsaicin
In another set of experiments, to explore the role of capsaicinsensitive fibers in the postoperative pain model, mice were maintained anesthetized with isoflurane 1-2 % and intrathecally treated with capsaicin (10 μg/site) or vehicle (5 μL/site) 37 . After 24 hours, the animals were submitted to paw withdrawal latency in the hot plate test (50 ºC, cut-off 30 s) to verify the efficacy of desensitization. Then, the animals were grouped randomly and then were submitted to the PIS model. Forty-eight hours after surgery, animals were treated with MECb (100 mg/kg, i.g.) or vehicle (10 mL/kg, i.g.) and behavioural mechanical hyperalgesia was performed as described above.
Nocifensive behaviour induced by glutamatergic receptor agonist (glutamate, AMPA and kainic acid)
In order to investigate the potential action of MECb overt the nociception induced by glutamatergic receptor agonists, the animals were pretreated with MECb (100 mg/kg, i.g.) or vehicle (10 mL/kg, i.g.) 1 hour before the injection of agonists.
, α-amino- 33 
Evaluation of the safety profile of MECb: determination of hematological and biochemical parameters
As postoperative pain represents a class of persistent painful conditions, which requires long-term treatment, was performed an experiment to evaluate possible toxic effects of prolonged administration for 30 consecutive days of MECb. In this way, the protocol of toxicity was performed as previously described 38 that requires the use of both sex and the higher doses that presented effect. Male and female were treated, once a day, with vehicle or MECb (100 or 300 mg/kg, i.g.) (n=5 per group).
The dose of 100 mg/kg was chosen since it was the dose used in the behavioural tests performed in this study, and the dose of 300 mg/kg showed efficacy in previous study 27, 28 . Fifteen hours after the last administration of MECb, the animals were anesthetized with isoflurane. The blood was collected from infraorbital plexus, to perform biochemical and hematological analysis. To biochemical assay the blood was transferred to 1. 
Statistical analysis
Data are presented as the mean ± SEM of 5-10 mice per group.
Statistical analysis of the results was carried out by using, unpaired t test and one-way or two-way ANOVA. For one-way ANOVA was considered as an independent variable the treatment and for two-way were considered time and treatment.
For the statistical analysis of toxicity profile of MECb, was performed two-way ANOVA comparing treated group with respective sex control group and comparing female x male with respective group treatment. Following significant ANOVA multiple post hoc comparisons were performed using StudentNewman-Keuls or Bonferroni test, respectively. The area under the curve in AMPA and kainate hyperalgesia from 5 to 60 min (AUC 5-60 min ) was calculated using the trapezoidal rule. In all cases, differences were considered significant when P<0.05.
Statistical parameters were computed and graphics made using GraphPad Prism (Graph Pad Software 5.1, Inc.).
MECb reduces mechanical hyperalgesia after plantar incision surgery
Mechanical hyperalgesia produced by PIS was detected from 1st to 5th day post-surgery compared to sham groups, which is indicated by the increase in frequency of withdrawal of the paw of the mouse ( Fig. 2A and B) . In addition, the treatment of mice with MECb (30 and 100 mg/kg, i.g.) caused a significant inhibition (100%; F (4, 45) = 235,5; p<0.0001) of mechanical hyperalgesia (frequency of response) at dose of 100 mg/kg as compared to the vehicle-treated group. The effect was maintained by 3 hours after the treatment and the maximum inhibition was achieved at first hour (Fig 2A) . (Fig. 2B ).
Mice from PIS group showed reduction to heat and cold threshold compared to sham group, which is indicated by the decrease in latency of withdrawal of the mouse paw (Fig 2 C and D). Intra-gastric treatment with MECb (100 mg/kg) completely reduced the heat thermal hyperalgesia induced by plantar incision when compared with PIS group that received vehicle (inhibition 97±1%, F (1, 36) = 22.89; p < 0.001) (Fig 2 C) .
Conversely, MECb treatment were not able to reduce the cold hyperalgesia when compared with the PIS group that received vehicle (F (1, 36) = 0.05788; p > 0.05) (Fig 2 D) .
MECb decrease the concentrations of proinflammatory cytokines (IL-1 β, TNF-α) and neurotrophin (NGF) in PIS model
PIS produced a significant increase in the concentration of TNF-α, IL-1β, and NGF, while decreased the concentration of IL-10, in the skin of the hind paw when compared with the sham + vehicle group (Fig 3 A, received vehicle, with inhibitions of 100%, 71 ± 12%, 88 ± 9%, respectively ( Fig 3A, B and C) . However, MECb treatment did not prevent the reduction in the concentration of IL-10 caused by plantar incision when compared to the PIS group that received vehicle (Fig 3D) . ± 8%, respectively (Fig 4B) . Thus, this data suggests that
MECb acts on other subtypes of nociceptive fibers to promote inhibition of mechanical hyperalgesia in PIS model, since TRP + C fibers are not involved in this experimental condition.
MECb decrease nocifensive behaviour induced by glutamate, AMPA and kainate
Intrathecal injection of glutamate (175 pmol/site), AMPA (135 pmol/site) and kainate (110 pmol/site) caused marked nocifensive behaviour in mice (Fig 5A-C) . and kainate (p < 0.01) when compared to group that received vehicle, with significant inhibitions of 50 ± 7%, 79 ± 9%, and 52 ± 12%, respectively (Fig 5A-C) .
MECb prevent mechanical hyperalgesia induced by AMPA and kainate
The results of Fig 6 and 7 show that intrathecal injection of AMPA (135 pmol/site) and kainate (110 pmol/site) induced significant mechanical hyperalgesia compared with the vehicle group for up to 60 and 30 minutes, respectively (Fig 6A and 7A ).
In contrast, intrathecal injection of low dose of AMPA (67.5 pmol/site) and kainate (55 pmol/site) did not cause mechanical hyperalgesia when compared with group that received vehicle (Fig 6A and 7A) . MECb (100 mg/kg, i.g.; 1 h before testing) inhibits partially, but significant (inhibition of 46 ± 20 % to 82 ± 6 %; F (1, 12) =15.02; p < 0.001), and markedly (inhibition of 86 ± 9
% to 89 ± 8 %; F (1, 14) =9.938; p < 0.001) the mechanical hyperalgesia when compared with group AMPA and kainate, respectively (Fig 6B and 7B) . AUC analysis showed that mechanical hyperalgesia in MECb group was significantly lower than AMPA (p < 0.05, Fig. 6C ) and kainate (p < 0.001, Fig 6C) group.
Evaluation of the safety profile of MECb
To investigate whether repeated treatment with MECb (100 and 300 mg/kg, i.g.) induces toxicity compared to control group treated with vehicle, the whole blood and serum were assayed for determination of hematological and biochemical parameters, and selected organs (heart, lung, liver, kidney, spleen, (Table   1, 2 and 3) . Nevertheless, when comparing female and male with respective group treatment, it was observed that in male groups food intake increased in all doses tested and the body weight was higher, only in the dose of 300 mg/kg. These data are expected since males exhibit physiologically higher feed intake and consequently, higher body weight than females.
Therefore, the results indicate that MECb do not cause mortality or produce any remarkable hematological, biochemical and body and organs weight adverse effects in chronic toxicity studies in mice.
Discussions
A suitable analgesic approach in the management of postoperative pain can reduce or avoid significantly the pain followed the procedure, thus improving the quality of life of the patients. However, more than 50% of patients experience significative pain after surgery 39 . The treatment with NSAIDs and opiates required to control postoperative pain is often associated with adverse side effects 40, 41 . Thus, we proposed to study the effect of MECb in an animal model of postoperative pain, which exhibits similarities to the human postoperative pain syndrome, of note, heat and mechanical hyperalgesia 30, 41 . This was the first study that demonstrated acute and prolonged treatment of mice with MECb was able to reduce mechanical (1 to 5 days) and heat hyperalgesia (in the second day) in a mouse postoperative pain model. and TNF-α) 8, 44 which contribute to the induction and maintenance of the hyperalgesia 45, 46 . The values are expressed as mean ± S.E.M. The statistical analysis was made comparing treated group with respective sex control group and comparing female x male with respective group treatment (Two-way ANOVA followed by Bonferroni test). * denote the difference of male compared with female for its respective treatment group. * P < 0.05, ** P < 0.01
Besides these cytokines, the neurotrophin NGF is also demonstrated to be released after the incision, collaborating to the painful and inflammatory condition 10, 45 , and, together with IL-1β and TNF-α, are also crucial in the peripheral and central sensitization [47] [48] [49] .
At . It was demonstrated that after plantar incision in rats, there is an increase responsiveness of Aβ 16 and/or Aδ 15 fibers, otherwise the C fibers remained unchanged.
In this sense, we performed another set of experiment in which was ablated TRPV1-positive fibers. , and a number of previous works have shown the action of these neurotransmitters with postoperative model 13, [62] [63] [64] . There are data from literature suggesting that NMDA is not involved on mechanical hyperalgesia and sensitization in PIS model 12, 62 . Moreover, there are conflicts in published data according to the role of metabotropic glutamate receptor in PIS model [62] [63] [64] . Meanwhile, 
Conclusion
In conclusion, the data presented here show that the ability of MECb (directly or indirectly) reduces the nocifensive behaviour and central sensitization caused by AMPA and kainate, seems to be involved in its analgesic effect. Additionally, the analgesic effect of MECb in the PIS model suggests its potential to be used clinically as an analgesic for postoperative pain.
Furthermore, MECb showed reduced toxicity, indicating good safety and efficacy.
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